On a global scale, myopia is one of the most common causes of visual impairment. Given the increasing prevalence of myopia, it is vital to understand the pathogenesis and to identify potential interventions. Some studies have described physical activity as a potential correlation for myopia. The objective of this study was to make a systematic review regarding the correlation between physical activity and myopia. A total of 263 papers were identified in a systematic database search of PubMed/Medline and Embase. Five steps of screening removed studies of a low evidence quality and animal studies. Studies included had refractive error and physical activity (as measured by questionnaires, accelerometers and cycle ergometers) as separate, well-defined outcomes. Nine studies (six cross-sectional, two cohorts and one case-control study) with a total of 17 634 subjects were included. Six studies demonstrated a reverse association between physical activity and myopia. Three studies supported this, but also attributed the results to time spent outdoors and not physical activity per se. One cross-sectional study found no relation. We could not identify trends among the papers regarding the type of studies, population sizes, ethnicity or age of study subjects. A consistent relationship between more physical activity and less myopia was observed. No evidence of physical activity as an independent risk factor for myopia was seen. Evidence suggests that time outdoors remain the most important factor. Future studies should include objective measurements of physical activity to determine a potential independent effect. Distinction between physical activity and outdoor exposure remains important.
Introduction
Myopia is the most frequent eye disorder. The prevalence varies widely in relation to age, race, ethnicity, urbanization, educational level and occupation (Morgan et al. 2012) . There has been a significant increase in the prevalence of myopia.
In particular, in urbanized populations in South-East Asian countries, an epidemic of myopia in children and young adults has emerged. In some study populations, myopia is affecting as much as 80-90% (He et al. 2004; Lin et al. 2004) , while the prevalence of high myopia (<À5 to À10 spherical dioptres (DS)) is more than 20% (Lin et al. 2004; Jung et al. 2012 ). An increase in myopia prevalence, however less intense, has also been showed in Western countries (Rose et al. 2001; Vitale et al. 2009 ).
The increasing prevalence of myopia is considered a major public health challenge, and the World Health Organization recognizes uncorrected refractive errors as the most prevalent cause of visual impairment globally (Ward et al. 2005) . The refractive error results in debilitating circumstances, which can lead to lost opportunities in education and employment, as well as impaired quality of life. The cost of visual aids and corrections is an increasing financial burden for individuals and societies worldwide. Furthermore, high myopia is a risk factor for several pathologies of the eye including retinal detachment, cataract, open angle glaucoma and other vision-threatening conditions (Morgan et al. 2012) .
The increasing challenges caused by myopia have attracted attention to the aetiology and potential preventive interventions. Myopia is most often caused by abnormal axial length growth of the eye resulting in a longer eye with light focused in front of the retina. Myopia can be caused by both genetic and environmental factors (Saw et al. 2000; Morgan et al. 2012) . However, there is now evidence that genetics is only accountable for a small proportion of myopia cases (Morgan & Rose 2005; Morgan et al. 2012; Goldschmidt & Jacobsen 2014) and that the increasing prevalence is predominantly caused by environmental factors (Morgan & Rose 2005) .
It has been speculated that lifestyle changes such as reduced physical activity (PA), reduced time spend outdoor and more close-up work might be the driving force behind the rapid increase in myopia (Saw et al. 2000) .
Preventive interventions are needed to address the increasing prevalence of myopia. This may include time outdoors/sunlight exposure, pharmacological involvement of atropine drops and progressive addition lenses (Morgan et al. 2012) . The protective role of lifestyle choices, such as physical activity, has also been an area of interest in later years. The physiology behind the possible protective effect of PA has not been uncovered, but theories include increased choroidal blood flow and thickness (Fitzgerald et al. 2002) .
Some confusion has been introduced because some studies have not distinguished between PA (e.g. sports, exercise and motor-performance) and time spent outdoors. A negative association has been demonstrated between outdoor activity/time spent outdoor and prevalent myopia (Sherwin et al. 2012 ). However, we do not know whether the change in refraction is a result of total time spent outdoors per se, rather than the increased physical activity.
The purpose of the study was to perform a systematic literature review, to examine the association between PA, and the development and progression of myopia.
Materials and Methods
The study was performed in accordance with Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA; Moher et al. 2015) in databases PubMed/Medline and Embase on 26 February 2015. The search was performed to find relevant literature examining a potential effect of PA on the development and/or progression of myopia. Included studies were required to have PA as a separate variable, and, consequently, studies that failed to examine PA as such were excluded.
The following search was performed in PubMed: (Myopia OR myopic OR nearsightedness OR shortsightedness) AND (exercise OR physical activity OR physical activities OR motor activity OR exercises OR motor activities). The search conducted in Embase included the same search terms. The search string involved the use of several MeSH terms and was made as broad as possible, to thoroughly investigate all relevant research material up until the point of the search date.
An initial screening process of these was conducted by screening of the titles alone. Papers with irrelevant titles, concerning other diseases, performed in animals, with eye exercises or published as case reports were excluded in this step of the process. If there were any doubt as to the relevance of an article, it went on to the abstract screening.
A total of 203 studies were identified for initial screening. After exclusions, 48 abstracts were screened in detail, and 26 of these were assessed to be relevant for full text retrieval because of their evidence level and subjects. From the retrieved full texts, six were suitable for inclusion (Fig. 1) .
In addition to the database search, a manual search was made to identify literature that for some reason would not be included. This comprised of a reference screening of the relevant studies included in this review as well as an extra in-depth database search for the most active authors in the myopia field. This search yielded three articles eligible for inclusion. These three articles were not initially found in the primary database search because of their different keyword use as well as their generally broader subject matters. Therefore, a total of eight articles were included in this systematic review for direct analysis and comparison. The articles were five cross-sectional studies, two prospective cohort studies and one case-control study (Table 1) .
Myopia measurements
Visual acuity was assessed by the use of different eye charts. The use of lenses during examination helped determine the subjective degree and type of refractive error in the study subjects.
Autorefractors were used in some of the studies to estimate the refractive errors. Fluctuations are, however, still very possible, especially in younger subjects, without the use of cycloplegia (Mutti et al. 1994) . The younger the subjects are, the greater their amplitude of accommodation which often leads to inaccurate measurements (Morgan et al. 2015) .
Physical activity and fitness measurements
Different subjective and objective utilities can be used to quantify the amount of PA. Questionnaires are often used because of their practicality and ability to gather large amounts of information in a fast and cost-effective manner.
Accelerometers are advanced pedometer step counters that represent an objective measurement method (Trost et al. 2000) . Different types of accelerometers are available, but the common denominator is their ability to register the acceleration, and therefore physical movement, of their user. Accelerometers can be placed in electronics such as smartphones or they can be worn as separate devices, on the user's wrist, waist, back or ankle (Brocklebank et al. 2015) .
Different physical tests for instance cycle ergometer test can be used to objective measure physical fitness. This test can define the index as the maximum power output per kilogram. Increasing the workload progressively until the participants are physically exhausted is the preferred method of testing.
Results

Overview
The studies in this review (Table 1) represented a variety of ethnic groups, methods of measurement and study designs.
Cohort studies
The study by Guggenheim et al. (2012) examined 9109 White British children. They investigated the correlation between PA and time spent outdoors and myopia. At age 7, 10, 11, 12 and 15 years, the children had ophthalmic examinations performed. Questionnaires regarding outdoor activity and PA measurements were collected at the ages of 8 and 11 years. Accelerometers (WAN 7164; Actigraph, Fort Walton Beach, FL. USA) on an elasticized waist belt were used by the study subjects for seven consecutive days. They obtained different kinds of data evaluating both activity and sedentary behaviour. Counts per minute (CPM) for the whole week was measured to estimate a child's total activity. Minutes of moderate-to-vigorous activity per day (MVPA) were used to capture time engaged in active sports and was defined as CPM >3600. Sedentary behaviour was defined as CPM <200. At age 11, there was a borderline association between more intense levels of PA had incident myopia (defined as À1.0 DS or more) (OR 0.88, 95% CI 0.76-1.01, p = 0.062, per quartile of minutes of MVPA). An increase in sedentary time was associated with an increased risk of myopia, hazard ratio (HR) 1.17 (95% CI 1.10-1.24). However, the authors mostly credited 'time spent outdoors' (OR = 0.65, 95% CI 0.45-0.96, p = 0.029) for the correlation to myopia.
The other prospective cohort study by Jacobsen et al. (2008) , examined 151 Danish medical students (mean age 23.1 years). Participants were examined at baseline and at a 2-year follow-up. In a validated questionnaire, the mean hours of weekly exercise for the past 6 months were recorded. A cycle ergometer test was included as an objective measurement of PA to validate the participants' questionnaire answers regarding PA. They introduced the index of physical fitness, defined as maximum power output per kilogram (W max 9 kg À1 ). During the 2 years of follow-up, the prevalence of myopia (defined as À0.5 DS or more) increased from 37.0% to 42.7%. The myopic participants spent 51 min/day on PA compared to 60 min/ day spent by the non-myopic participants (p = 0.049).
Cross-sectional studies O'Donoghue et al. (2015) presented results from The Northern Ireland Childhood Error of Refraction (NIC ER) study. Northern Irish children (n = 661) aged 12-13 were recruited from a stratified random sample of schools, representative of the population of UK. The children were examined to determine the risk factors for myopia.
Measurements included assessment of visual acuity, ocular biometry and cycloplegic autorefraction (myopia defined as a spherical error of at least À0.5). Questionnaires were used to identify assumed risk factors for myopia and included selfreported levels of PA and time spent doing near work. The authors demonstrated that regular PA (>3 hr/week) was associated with lower prevalence of myopia as compared to children with a more sedentary lifestyle (OR = 0.46, 95% CI 0.23-0.90, p = 0. 027).
Read et al. (2014) examined Australian children (n = 101) aged 10-15 to determine the relation between PA, light exposure and myopia, as defined by À0.75 DS or more. The participants had their PA objective measured by wrist-worn accelerometers (Actiwatch 2; Philips Respironics, Murrysville, PA, USA) for two consecutive weeks. The Actiwatch measured CPM and graded the participants into three categories, defined by their average hourly PA; light physical activity (320 CPM), moderate physical activity (1048 CP M) and vigorous physical activity (1624 CPM). In addition to the accelerometer, the device also contained a light sensor. Questionnaires were used as a backup method when accelerometers were not worn and to register other parameters such as parental myopia and near work. The authors found no significant difference in the mean physical activity levels between the myopic (445 AE 134 CPM) and emmetropic participants (489 AE 145 CPM), p = 0. 14). In contrast, the time spent in bright light was higher among the emmetropic participants as compared to those who were myopic (127 versus 91 min/day, p < 0.001). Hence, the study concluded that the amount of outdoor light exposure was believed to be a contributing factor to myopia. Dirani et al. (2009) presented a cross-sectional study population of Singaporean children (n = 1249) aged 11-20 (mean age 13.7). In the study population, 868 (69.5%) children were found to be myopic (defined by a greater spherical error than À0.5 DS). (2008) presented results from the Sydney Myopia Study. The authors examined children from two school year samples; 1735 children of mean age 6.7 and 2353 of mean age 12.7. The children were recruited from 55 schools stratified by socio-economic status, and they were predominantly of Caucasian European and East Asian descent. Myopia was defined as a spherical error of at least À0.5 DS as measured by cycloplegic autorefraction. To identify possible associations of increased prevalence of myopia, questionnaires were filled out by parents in the younger group and by participants themselves in the older group. The questionnaires included estimations of time spent on near work, indoor and outdoor activities.
The authors found that more time on outdoor activity was associated with more hyperopic mean refraction in the older group. The students who combined low levels of near work with high levels of outdoor activity had the most hyperopic mean refraction (+0.56 DS; 95% CI, 0.38-0.75, p = 0.04), whereas students who combined high levels of near work with low levels of outdoor activity had the least hyperopic mean refraction (+0.27 DS; 95% CI, 0.02-0.52, p = 0.06). The authors did not find an association with indoor sports activities and myopia. Khader et al. (2006) included Middle Eastern children (n = 1777) from eight randomly selected schools in Amman, Jordan. The participants, aged 12-17 years, answered a questionnaire on family history of myopia, near work activity and PA. Data on refractive status were collected from selfreported myopia (defined as spherical error of at least À0.5) and were rechecked from the school medical records containing yearly updated eye test. Khader et al. found that the myopic participants (n = 313 (17.6%)) spent less time (1.87 hr/day) playing sports than the emmetropic participants (4.04 hr/day, p < 0.0001). The OR for the association of PA with prevalent myopia was 0.89 (95% CI 0.86-0.93). Mutti et al. (2002) studied the correlation of living habits and myopia in 366 American children with an average age of 13.7 years. The study subjects were eighth graders from a communitybased cohort (Orinda Longitudinal Study of Myopia), and 89.1% of the subjects were White. Mutti et al. collected data from eye examinations and surveys about the current amount of time spent on near work and sports activities. They found that children who were myopic (defined as À0.75 DS or more) spent less time in sports activities than the non-myopic children (7.4 versus 9.7 hr/week, p < 0.005). The OR for the association between weekly amounts of PA and myopia development was 0.94 (95% CI 0.89-0.98, p = 0.0045).
Case-control study
A case-control study conducted by Parssinen et al. (1985) was also included.
The questionnaire-based study assessed the living habits as well as refractive status of Finnish men (n = 131) aged 33-37 years. Included among these were a myopic group of 32 as well as a control group of 33. These 65 had ophthalmic examinations. No minimum value for myopia was defined in the study, but the lowest value mentioned was À0.25 DS. At the time of the study, the two groups did not differ at their level of PA. The subjects were then asked to specify whether their interest in PA during childhood was 'less', 'equivalent' or 'more' as compared to average. In the myopic group, 25.0% reported to have been less interested in PA as compared to 5.7% in the non-myopic group (p < 0.03). The study concluded that men who spend more time in PA as children were less likely to be myopic.
Ophthalmic characteristics and measurement methods
Manual refraction using eye charts were used in several studies (Parssinen et al. 1985; Jacobsen et al. 2008; Read et al. 2014) . It was, however, only specified that a LogMAR chart was used in two studies (Jacobsen et al. 2008; Read et al. 2014) . Automatic refraction using Nikon (Jacobsen et al. 2008) , Shin-Nippon (O'Donoghue et al. 2015) or Canon (Mutti et al. 2002; Rose et al. 2008; Dirani et al. 2009; Guggenheim et al. 2012) was performed in most studies except the ones that used only manual chart examination (Parssinen et al. 1985; Read et al. 2014) or did not disclose the examination type at all (Khader et al. 2006) . Cycloplegia was used in six studies (Parssinen et al. 1985; Mutti et al. 2002; Jacobsen et al. 2008; Rose et al. 2008; Dirani et al. 2009; O'Donoghue et al. 2015) . Two studies did not use cycloplegia (Guggenheim et al. 2012; Read et al. 2014) , and use of cycloplegia was not disclosed in the last study (Khader et al. 2006 ). Dirani, O'Donoghue and P€ arssinen used cyclopentolate (Parssinen et al. 1985; Dirani et al. 2009; O'Donoghue et al. 2015 ) and Jacobsen and Mutti used tropicamid (Mutti et al. 2002; Jacobsen et al. 2008 ). Rose et al. used both cyclopentolate and tropicamide. Proxymetacaine and proparacaine were used as secondary drops by Mutti et al. (2002) and O'Donoghue et al. (2015) .
Some studies included one eye of each subject (Parssinen et al. 1985; Jacobsen et al. 2008; Rose et al. 2008) , whereas others included both eyes (Guggenheim et al. 2012; O'Donoghue et al. 2015) . The rest did not mention the number of eyes used (Mutti et al. 2002; Dirani et al. 2009; Read et al. 2014) .
Discussion
In an evaluation of 17 634 subjects in nine clinical studies, we found a general connection between PA and a lower risk of myopia. This was statistically significant in five studies (Parssinen et al. 1985; Mutti et al. 2002; Khader et al. 2006; Jacobsen et al. 2008; O'Donoghue et al. 2015) , and also indicated in tree other studies (Rose et al. 2008; Dirani et al. 2009; Guggenheim et al. 2012) .
Among the studies, we could not find any trends of this connection according to study populations, ethnicity or age. Most studies investigated young children aged 7-15 years. The study by Dirani et al., represented a population of adolescents and teenagers aged 11-20 years, while Jacobsen et al. used young adult Danish medical students with a mean age of 23.1 (Jacobsen et al. 2008; Dirani et al. 2009 ). All the studies were carried out in periods relevant for investigating the development and progression of myopia.
Physical activity
Measurement methods
To quantify PA, a variety of both subjective and objective measurement methods were used.
It is important to realize that there is a potential for recall bias in studies based on questionnaires and interviews. This may lead to a risk of overestimate as well as underestimate. One study addressed this problem by retesting and validating questionnaire data (Jacobsen et al. 2008) .
As compared to questionnaires, accelerometers qualify as a more objective method of measuring PA. However, certain kinds of exercise will not be measured, as the wristband/waistband cannot be worn in water. Likewise, as the accelerometer measures acceleration, stationary PA, such as elliptical workouts, might not be registered. It is also questionable to what extend the device measures activities such as regular biking. Consequently, the intensity, duration and type of exercise might play a role in the results displayed by the devices.
A written record of the amount and type of PA, both at times of accelerometer use and at times off accelerometer, could give a more accurate representation of the actual exercise of the subjects.
The placement of the accelerometer (wristbands versus waistbands) may also be important. The measurements might be more accurate when the accelerometer is placed closer to the core of the user (back or waist) as the movement is less fluctuating there (Spraul et al. 1999) .
The objective measurements of PA presented in the included articles were given by accelerometers (Guggenheim et al. 2012; Read et al. 2014 ) and cycle ergometer test (Jacobsen et al. 2008 
Measurement results
The subjective questionnaire approach was used in all included studies. A majority of the studies relied on answers from the study participants themselves (Khader et al. 2006; Jacobsen et al. 2008; Rose et al. 2008; Dirani et al. 2009; O'Donoghue et al. 2015) and two on the observations from the participant's parents (Mutti et al. 2002; Rose et al. 2008 ). In the questionnaire by Parssinen et al. (1985) , the adult subjects reported their amount of exercise from recollection from childhood.
To eliminate recall bias, interview bias and misinterpretation, the questions asked by Jacobsen et al. were close-end (typically to limit the answers to 'yes/no'), objective and read out loud. Furthermore, to insure the reliability, Jacobsen et al. (2008) found a high correlations coefficient (0.97) between repeated test results of the questionnaires in a subgroup of participants. Rose et al. (2008) used a welldesigned questionnaire to analyse results of the effects of indoor sports, outdoor sports and outdoor leisure times in the Sydney Myopia Study. As part of Sydney Myopia study, Rose et al. developed a comprehensive questionnaire to determine more accurately the time amount the children spent indoors and outdoors, and the types of activities in both settings. This questionnaire was also used by Dirani et al. with minor modifications (Dirani et al. 2009; Lougheed 2014) . Based on this, the authors suggested that outdoor sports had a greater protective effect than indoor sports, because a protective effect was seen for both outdoor sports and outdoor leisure time but less for indoor sports. They suggested that the associating element was time spend outdoors rather than sports per se. The interpretation of the questionnaire and specifically the wording of 'sports' rather than 'PA' might be a cause of this. If the participants only recorded sports as more demanding physical achievements such as running, ballgames and other exercise regiments, a large amount of regular PA such as walking and cycling might have been captured in the category of leisure time where it might have contributed to the positive results of this category. Unfortunately, many studies did not distinguish between PA and times spend outdoors and failed to quantify different degrees of PA. In the studies by Jacobsen et al. and O'Donoghue et al., the authors did not record whether PA was performed indoor or outdoor. However, their questionnaires did request the relevant exposure, that is amount of PA and exercise. There was no information on times spend outdoors.
Refractive measurements
The use of cycloplegia as well as visual measurement methods varied throughout the studies. Also, in one study, the methods were not specified (Khader et al. 2006) . The use of cycloplegia is important and the gold standard when study subjects are children, as children and young adults still have a high ability for accommodation (Morgan et al. 2015) . Guggenheim et al. (2012) acknowledge this by explaining that their measurements should be considered as an expression of 'likely myopia' rather than an accurate determination.
For the included studies, the highest value used to define myopia was À1.0 DS (Guggenheim et al. 2012) . Such definition could potentially underestimate the number of myopic patients as compared to studies that used lower values of spherical dioptres to define myopia. Hence, caution should be taken comparing prevalence of myopia across studies.
Study design
Prospective cohort studies
In prospective studies, baseline characteristic and exposure status in the study group are known and the participants are subjected to different exposures over a time period prior to a given outcome measured at follow-up.
The cohort studies in this review both had very clear clinical questions. The population characteristics varied, as one included children (Guggenheim et al. 2012 ) and one included young adults (Jacobsen et al. 2008 ). In the study by Guggenheim et al., a large cohort of children was examined. The number of children examined each time varied, but at least one refractive measurement was performed on 1236 children. As noted by the authors, this somewhat limits the representability of the participants as compared to the general population. However, there was no record of potential differences between the baseline characteristics of the children lost during follow-up, as compared to those who attended the last examination. Another potential problem was the high rate of missing data in this study. In 14% of the participants, data on PA were not collected. This could potentially alter the outcome in either direction.
Jacobsen et al. examined 156 medical students with a dropout rate of 8.3%. At baseline, non-attendees at follow-up did not differ as compared to attendees. However, the study group was not representative of the general population as all subjects were medical students. This was supported by the fact that a high prevalence of myopia was found (37%). This was expected based on prior studies of the association between a higher level of education and myopia (Goldschmidt 2003) .
Cross-sectional studies
The studies had clear objectives to identify possible correlations between different determinants and myopia. The study populations were largely comparable to the general population of the respective local areas and were included mostly from schools (Khader et al. 2006; Rose et al. 2008; O'Donoghue et al. 2015) or pre-existing cohorts (Mutti et al. 2002; Dirani et al. 2009; Read et al. 2014 ) that included school children in urban areas. However, there was some variation of the sizes of the study populations (Table 1) . Read et al. presented data in a small study, but this was justified by a sample-size calculation included. The remaining studies were larger and included populations varying from 366 to 4088 (Mutti et al. 2002; Khader et al. 2006; Rose et al. 2008; Dirani et al. 2009; O'Donoghue et al. 2015) .
The studies all examined PA among other risk factors. Included among these were potential risk factor such as cognitive skills, amount of near work (reading, writing, television and computer habits) and parental refractive status. Potential confounders should be taken into account. Some studies have identified a higher likelihood of reading in myopic patients (Khader et al. 2006; Jacobsen et al. 2008; Dirani et al. 2009; Guggenheim et al. 2012; O'Donoghue et al. 2015) , urban lifestyle as a risk factor for myopia (O'Donoghue et al. 2015) , better cognitive test results in myopic patients (Mutti et al. 2002; Dirani et al. 2009 ) and a higher risk of myopia in patients with myopic parents (Khader et al. 2006; Rose et al. 2008; Guggenheim et al. 2012; O'Donoghue et al. 2015) .
Time outdoors have been demonstrated as the most important risk factor (Rose et al. 2008; Dirani et al. 2009; Read et al. 2014) . The effect of PA as seen in several of the included studies may not be casually linked to myopia. Physical activity is most likely to occur outdoors, and therefore, there is a possibility of confounding.
Different levels of adjustment for potential confounders were made across the studies. Mutti et al. (2002) examined this carefully but found practically no change in the multivariate analysis of variables compared to the univariate values, which makes confounders unlikely in their study.
A fundamental limit of cross-sectional studies is their inability to distinguish between exposure and outcome. Therefore, a reverse causality cannot be excluded. Perhaps it is not the lower amount of PA that result in myopia, but the myopia itself or other connected factors that cause a child to be less physically active. Myopic children may spend less time outside, as a result of their refraction and potential need of glasses, which might prevent them from engagement in certain sports activities.
Case-control study
The only case-control study had a small number of participants (n = 65; Parssinen et al. 1985) . The group of included men was part of a larger study of which 82% participated in the questionnaire and 71% in the examinations. P€ arssinen reported that nonattendees did not differ from attendees according to baseline characteristics such as educational and occupational levels. There were numerous discrepancies in the different tables throughout the paper, which suggests that not all the subjects finished the entire questionnaire. The study made it possible to compare the risk of myopia in the presence of exposures (e.g. PA) while taking into accounts the possible confounders. However, the study was limited by a small number of participants.
Strengths and limitations of the literature search
The search strategy used in this study was constructed to be as thorough as possible to include all relevant literature on the subject of interest. Three studies, however, were included via manual search strategy. The reason these articles were not initially found during the database search might be because of their use of keywords or the broader theme of the papers themselves, all examining other factors than just the relation between PA and myopia.
Only cohort studies, cross-sectional studies and a single case-control study are presented in this review. This prevents a meta-analysis. Furthermore, there were no randomized controlled trials at the time of the search date, which restricted the number of articles to reach the highest level of evidence quality.
Outdoor exposure and myopia
Time outdoors rather than physical activity have been thoroughly investigated in many studies (Sherwin et al. 2012; French et al. 2013 ). Consequently, a new interest in different theories on the possible mechanisms behind the effect of outdoor activity/ time outdoors has caused increasing investigations.
The first study to show an effect of time outdoors as an individual factor was the Sydney Myopia Study by Rose et al. (2006 Rose et al. ( , 2008 . Their results suggested that outdoor activity prevents the development of myopia and that the protective association was related to the total time spent outdoors, rather than PA per se. Time spend on indoor activity was not associated with less myopia (Rose et al. 2008 ). More recently, two large randomized controlled trial studies have confirmed the protective effect of time outdoors on myopia (Wu et al. 2013; He et al. 2015) .
The fact that some studies find an inverse relationship between amount of actual PA and degree of myopia and axial length is not necessarily in conflict with studies that find associations to time outdoors. When spending time outdoors, you are more likely to be active than when spending in time indoors.
Physical activity might be an independent and important factor that does not follow the same theoretical pathogenic pathways as the outdoor factor.
In our review, three studies also investigated the effect of outdoor exposure. They all showed that time outdoor rather than PA effects myopia (Rose et al. 2006; Dirani et al. 2009; Guggenheim et al. 2012 ).
Overall considerations
In upcoming studies, investigations including repeated objective measurements of PA would be needed, preferably with core-worn accelerometers. So far almost all previous studies have been based on subjective questionnaires.
An improved version of questionnaires that requires answers about PA repeatedly during the study could eliminate some recall bias, as it would not require a long-time retrospective evaluation of PA. The questionnaires should evaluate, more accurately, how much time the children spent on different types of activities in both indoor and outdoor settings. The use of fitness tests as a further confirmation of the participant's physical status would be relevant as well.
The ideal way to test whether PA and myopia are causally linked would be by a randomized controlled trial, possibly with different amounts of PA assigned to children and simultaneous examinations of the progression in refractive errors. Such study should be performed at childhood, which is the most important time for axial growth of the eye (Morgan et al. 2012 ). This approach, however, would be difficult in terms of compliance, ethical considerations and recruitment.
One study, not formally included in this review, investigated the short-term effect of exercise on the axial length of the eye and therefore potentially the effect on incident myopia (Read & Collins 2011) . The study included 20 young adults from Australia but of different ethnic backgrounds. The subjects were examined twice, once before and once after exercise (bicycle ergometry). The examinations included ocular biometrics, intraocular pressure and ocular pulse amplitude. The study indicated that axial length was reduced after exercise and even though the short-term change might not be clinically significant, it clearly demonstrated a measureable effect of PA on the eye.
The reduction in axial length might be contributed to an expansion of the choroidal layer as a result of increased blood flow. An increase in blood flow and thickness is associated with decreased eye growth according to animal studies (Fitzgerald et al. 2002; Nickla 2007) .
In another study, PA led to a decrease in myopia, when comparing the measurements before and after PA (Muhamedagic et al. 2013) . The study included 100 myopic university students from Bosnia and Herzegovina, who were asked about their PA patterns and tested physically. Ophthalmic examinations were carried out before and after the physical tests to determine the level of myopia.
Neither of these studies was formally included in this review because of their different study characteristics compared to the included studies. In particular, refraction was measured immediately after exercise and therefore not necessarily an indicator of a lasting changes in refractive error. The studies do, however, add another perspective and potential explanation as to why PA might have a protective effect against myopia development.
In conclusion, a majority of the questionnaire-based studies found an association between PA and myopia, which suggests that less amounts of PA might be associated with the progression or development of myopia (Parssinen et al. 1985; Mutti et al. 2002; Khader et al. 2006; O'Donoghue et al. 2015) . Two questionnaire-based study also found a connection, but to a lesser extent and in correlation with other variables (Rose et al. 2008; Dirani et al. 2009 ).
The two studies that used accelerometers for PA evaluation found that myopia might be linked to PA, but probably in correlation with other factors (Guggenheim et al. 2012; Read et al. 2014) . One of these did, however, not regard their results on the association as statistical significant (Read et al. 2014) . One study used an objective method for fitness evaluation to validate the answers in their questionnaire; this confirmed their results of a link between myopia progression and the amount of PA (Jacobsen et al. 2008) .
It is important to recognize that increasing time outdoors is an important factor associated with myopia. We believe that unless stronger evidence is obtained, interventions to prevent myopia should be based on time outdoors, rather than physical activity. Future studies should not only concentrate on physical activity but clearly distinguish between the factors physical activity and outdoor exposure.
